have not yet been standardized and require extensive optimization for specific biological applications. In addition, some proteomic methods cover incomplete proteome, lack quantitative precision and/or yield large amounts of data. It is difficult to discern the biological relevance of those data. Two-dimensional electrophoresis is an important technique that has been and is widely used in global proteomics but it does not provide optimal resolution of highly acidic proteins, highly basic proteins or high-molecularweight proteins [7] . 2 [8] . [9] . This approach facilitates quantitative comparison, improves greatly the dynamic range and controls experimental variation [10, 11] .
-DE is plagued by high run-to-run variability and various staining techniques of 2-DE are definite on versatility, sensitivity and linearity up to now

Recent advance and innovation have led to significant improvement on 2-DE technology. One is difference in-gel electrophoresis (DIGE), with which samples are differentially labelled and multiplexed prior to gel analysis. The high accuracy arises from the utilization of an internal standard, which has been previously applied to increase substantially the accuracy of quantification
Ultra-performance liquid chromatograph (UPLC) coupled with quadrupole time-of-flight mass spectrometry (Q-TOF MS) (UPLC/Q-TOF MS) is an effective and sensitive analytical tool, through rapid elution in a short column with 1.7-m particles, which enables elution of sample subjects in much narrower, more concentrated bands, resulting in better chromatographic resolution and increased peak capacity, with a high capture rate mass spectrometry (Q-TOF) with accurate mass measurement that enables the removal of interpretation ambiguities. With this highresolution and sensitive system, people are able to obtain multiparametric metabolite profiles from biofluids, rapidly and effectively.
It is considered as a powerful metabonomic tool [12] .
Two quantitative proteomic technologies were applied in this study, which were respectively 2D-DIGE (2- 
dimensional fluorescene difference in-gel elec-trophoresis) followed by MALDI-TOF MS (matrix-assisted laser desorption ionization time-of-flight mass spectrometry), and UPLC/Q-TOF MS. In both of the methods, internal standard was added for quantitatively analyzing the differential proteomic expression in the CSF between the MS and ONDs groups. 2D-DIGE seperates impact protein while UPLC/Q-TOF seperates peptide. ELISA was also employed to validate the quantitative proteomic results. The differentially expressed proteins identified between the two groups were further investigated to reveal the biological pathways of these proteins in association with the pathogenesis of MS. We drew a comparison between the capacities of the two methods in protein separation to determine the relative overlap in protein separation, which expanded the proteome coverage better. This study allows the detection, identification and quantification of a large number of putative biomarkers in MS, leading to a 'molecular signature' of proteomic patterns free of pre facto bias.
Materials and methods
CSF specimens
In the experimental group, the CSF samples were taken from 30 [13] . When 
patients with MS (relapsing-remitting MS). A diagnosis of MS was confirmed on the basis of the criteria of McDonald
Sample preparation for 2D-DIGE
Ten CSF samples were selected randomly from the experimental group and the control group each (1 ml each). They generated two sample pools (MS sample and ONDs sample, 10 ml each) for 2D-DIGE. The solubilization for discovery proteomic analysis was done according to the protocol described by Yuan and her coworkers [14] [15] .
2-DE
Image analysis
The The finding of more than 8-fold increase of haemoglobin beta chain was seen in three DIGE gels groups. Besides the secretion of CSF by the choroid plexus, the fluid also derives directly from the brain by the ependymal lining of the ventricular system and the glial membrane and from blood vessels in the arachnoid. It is unavoidable that various amounts of blood contamination in the CSF may arise during sample acquisition. The concentration of protein in the CSF is only 0.2-0.5% of that in blood. Minor contamination of the CSF with blood during the collection of the fluid may dramatically alter the protein profile and confound the identification of potential biomarkers. You and his coworkers reported that haemoglobin alpha chain and haemoglobin beta chain could be used as blood contamination markers for proteomic analysis of the CSF [18] . Therefore, the high increase of haemoglobin beta chain in this study may be caused by blood contamination.
MALDI-TOF MS and database searching
Results
Proteins differentially expressed by 2D-DIGE and MALDI-TOF MS
Proteins differentially expressed by UPLC/Q-TOF MS
Two protein mixtures extracted in two sample pools, one from 10 patients with MS and one from 10 controls with ONDs, were Fig. 2 Distribution map for the expression levels of proteins identified by UPLC/Q-TOF MS. We identified and quantified 68 differences proteins by UPLC/Q-TOF MS, in which 42 proteins were common to both samples, 8 proteins were unique to ONDs and 18 proteins were unique to MS (sample 2). Forty-five proteins of all showed a difference of more than 1.5 folds in abundance between both the samples. The minimum threshold required for data to be used for quantitation was Ϯ0.1(MS/ONDs). If the ratio was ՅϪ3, the proteins were unique in the ONDs. In contrast, if the ratio was Ն3, the proteins were unique in the MS. The detailed information of all proteins are shown in the figure, in which the abscissa represents normalized ratio, negative value shows down-regulating and positive value shows up-regulating in MS compared with ONDs (grey circle showed unique proteins).
digested to two peptide mixtures and then separated with a UPLC column packed with reverse-phase media to acquire eluting ion peaks, which electrosprayed into an online Q (quadrupole)-TOF MS instrument. We identified and quantified 68 differences in the proteins. There were 45 proteins with a difference of more than 1.5 folds in abundance between the two groups of CSF samples (Fig. 2) . The expression of 20 proteins was elevated and the expression of 25 proteins was decreased ( Table 2) .
The accuracy of mass measurement and chromatographic reproducibility are needed to acquire a wonderful result in UPLC/Q-TOF MS [19] . We run in triplicate per sample. The data quality was checked statistically by system statistics at the peptide level, including retention time reproducibility, mass precision, replication level and ion intensity reproducibility (Fig. S1) (Fig. 3) . In order to acquire relative peptide quantification, we utilized low-and high-energy ways to survey all precursor ions and fragment ions and then used foldchange of exact mass retention times (EMRTs) to drive subsequent searches (Fig. 4) . The analysis information of the significant proteins is shown in Supporting Information (Fig. S1 ). (Fig. 5A) Table 2 ) were identified by the two methods. 2D-DIGE has a higher sensitivity in separation of basic and low-molecular-weight proteins compared with UPLC, while the latter has the advantage of separation without limit in isoelectric point (pI) and mass and it is especially suited for the analysis of acid and higher-molecular-weight proteins (Fig. 5B and C) . Therefore, an optimal separation effect could be achieved by means of the combination of these two technologies. (Fig. 6 ).
Combination of 2D-DIGE-MALDI-TOF MS and UPLC/Q-TOF MS
2D-DIGE analysis showed 39 different proteins identified with MALDI-TOF MS, whereas UPLC/Q-TOF MS analysis showed 68 different proteins between the MS and the ONDs groups. We compared the result of 2D-DIGE and UPLC/Q-TOF MS analysis and found that 23 proteins were common in the two methods, in which the overlap ratio was 27%
Verification of differential expressed proteins by ELISA
Networks and function analysis using MetaCore
Twenty-four of the 26 uploaded proteins were brought together in the networks map with the shortest paths of interactions using the shortest-path algorithm (Fig. 7) [9] . Consequently, it has recently been validated as a powerful tool for the differential expression of proteins [10, 11] . In UPLC/Q-TOF MS investigation, we used a tryptic digest of two samples spiked with a standard protein mixture (enolase, ADH and glycogen phosphorylase) to observe and correct the different behaviours in the signals from digested peptides corresponding to the protein concentrations experimentally configured. A relative quantitative analysis of the differential expression of proteins in MS CSF showed the same tendency in the two technologies.
In this study, 26 uploaded proteins showed significant differential expressions between the two groups, in which some proteins have been reported in MS [6, 23] . It was reported that the depletion of highabundance proteins such as immunoglobulin G (IgG) could enrich low-abundance proteins concentration to enhance the sensitivity of the experiment. However, it could also lose some low-abundance proteins simultaneously. For this reason, we used natural, untreated CSF samples, which can reflect the actual protein information of the CSF.
One of the most prominent regulatory proteins in the networks is ubiquitin, which interacts with other 14 factors, including caspase-3, IRF8, c-fos, SREBP2, SREBP1, P63, P7, E2A, ESR2, STAT1, c-jun and STAT5A. Ubiquitin has been shown to have antiinflammatory properties and a therapeutic potential after severe trauma and brain injuries in recent studies [24] . The ubiquitin proteasome pathway is a key regulator of homeostasis within cells, degrading misfolded or redundant proteins and also those involved in mediating transcription, cell cycle progression and apoptosis [25] . Our quantitation research previously mentioned showed that ubiquitin down-regulated in the MS group.
In the CNS, cystatin C is localized in the glial cells and neurons and is mostly synthesized in the human CSF by the choroid plexus and leptomeningeal cells [26] . It is considered that there are some relationship between crystatin C in CSF and disease of the nervous system. In our study, quantitation of cystatin C, including ELISA, Fig. 7 Biological network analysis of differentially expressed proteins using MetaCore mapping tool. The network was generated using the shortest-path algorithm to map interaction between the 24 proteins (26 proteins were uploaded). Nodes represent proteins; lines between the nodes indicate direct protein-protein interaction.
2D-DIGE and UPLC-Q/TOF MS, showed decrease in the MS group.
Cystatin C is the inhibitor of cysteine proteases [27] . It could be regulated by ubiquitin through IRF8 in the networks. Caspases, the intracellular cysteine proteases, which showed an association with ubiquitin in the network map, are essential for the regulation of apoptosis and are considered as potential targets for the treatment of MS [28] . Caspase-3 activity is induced by the CSF in MS patients and its inhibitors can protect neuronal cells from apoptosis [29] .
Moreover, the network map revealed that caspase-3 has an influence on nuclear factor B (NF-B) through gelsolin. First, our quantitation research showed a decrease of gelsolin in the MS group. This result provided an evidence on the other side for the report that gelsolin overexpression would attenuate T-cell signalling to activation [30] , since MS is a chronic inflammatory demyelinating disease [31] . Second, NF-B is an important nuclear factor that takes part in the inflammatory reaction, the immune reaction and the expression of cytokine, adhesion molecule and correlated acceptors [32] .
NF-B is not only regulated by caspase-3 but also regulated by transthyretin (TTR), which shows a decrease in our quantitation research by both DIGE and UPLC. TTR is a component of the network that determines thyroid hormone (TH) distribution. It is well established that TH is required for the normal timing of differentiation and maturation of oligodendrocyte precursor cells (OPCs)
, the most important source of remyelinating oligodendrocytes in the adult CNS [33] . It is reported that TH enhances and accelerates remyelination in an experimental model of chronic demyelination [34] . Our result confirmed this idea.
The transport protein apolipoprotein (ApoE) has been associated with clinical features of MS [35] . Our research revealed that ApoE decreased in the MS group. The networks showed that ApoE could effect ubiquitin through FGFR1, FRS2, GRB2, c-CBI and c-Fos and could be regulated by FGF2. ApoE is considered as a neurotrophic factor, thus any decrease in intrathecal ApoE synthesis may contribute to the progression of the disease [23] .
Otherwise, there were some proteins that we did not find in the networks map but they are still very important. High expression of Ig kappa-chain C region and Ig lambda-chain C region was found in the MS group. It was reported that intrathecally generated Igs, specifically IgG, are found in 95% of MS patients [36] .
Vitamin D-binding protein (DBP) is known to function as an immunomodulatory factor as well as the main carrier of vitamin D [37] . Vitamin D is an immune modulator, but whether it can be considered as a disease modulator in MS remains uncertain. Nevertheless, it is a good reason for further research in this direction [38] . What is more, DBP was analysed for linkage or association with MS in some population [39, 40] 
